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CRYPTOGAMIC SOIL CRUSTS: SEASONAL VARIATION IN ALGAL POPULATIONS
IN THE TINTIC MOUNTAINS, JUAB COUNTY, UTAH
Jetfiev R. Johansen'

and Samuel

R. Rushforth'

.\bstr.\ct.- The soil algae in the Tintic Mountains, Juab County, Utah, was studied over a one-year period in
1982 and 1983. Fluorescence microscopy was used to measure algal density in samples directly from the field. A total
was observed, blue-green algae being most abundant both in terms of density and number of species.
Algal densitv showed peaks in late fall and late spring. Minima were present in September 1982 and July 1983. Several weak correlations between algal density and climatic data existed. In general algae correlated positively with
of .30 algal taxa

A combination of low precipitation and hot temperatures was likely
The Chrysophyta followed slightly different trends than the other
October 1982 and late August 1983. Field observations indicated that the degree of algal crusting varied noticeably over a period of one year, with highest abundance of hummocking in spring.
Heavy summer thunderstorms destroyed algal crusting during July and August of 1983, though absolute density of alprecipitation and negatively with temperature.

responsible for the low density observed in July.

algal groups,

having minima

in early

gae increased during this time

in

response to the extra moisture.

plate counts, and direct counts (Melting

have received considerable study
half century (Melting 1981,
Starks et al. 1981). Arid land soil algae are an
important component of desert ecosystems
for several reasons. Algae in association with
lichens and mosses form cnists that stabilize
the soil surface against wind and water eroSoil algae

during the

sion.

1981).

last

Improved

infiltration

of rainwater

Direct counts of

soil

algae are difficult to

make, since algae are often scarce in uncultured samples and identification of many species without prolonged culture and study of
life

cycles

ever,

in

soils further reduces erosion by lessening the amount of nmoff (Brotherson and
RiLshforth 1983). Fixation of atmospheric ni-

is

direct

often nearly impossible.

How-

counts are more indicative of

natural conditions because biomass and diver-

CRisted

estimates are based upon data from communities that have not been modified by culsity

trogen by blue-green algae, both free living

turing. Fluorescence

and associated with soil lichens,
has been well documented. Vascular .seedling
development tends to be facilitated in areas
where crust development is pronounced (St.

aid in examination of soil algae. Although the

in the soil

Clair et

al.

ly

value of this technique was pointed out more
than 30 years ago (Tchan 1952), it has not
been widely used. In the present study, direct

counts using fluorescence microscopy were
used to measure seasonal changes in abundance of arid land soil algae.
recognize

1984).

Flori.stic studies of soil

algae have primari-

We

been conducted through the use of enrich-

ment and

unialgal cultures (Melting

that

1981).

Recent studies of soil algae in the Great Basin
and Colorado Plateau have been performed
using distilled water wetting and/or standard
culture methods (Anderson and Rushforth
1976, Ashley and Rushforth 1984, Johan.sen,
Rushforth, and Brotherson, 1981, Johansen,
Javakul, and Rushforth 1982). Studies of soil
algal biomass have been done using several
different

methods,

including chlorophyll

microscopy can greatly

some

.sacrifice

was made

in

based on a

less

in

taxonomic resolution

exchange for ecological data
modified algal community.

Mi
The study

site

was located

in the Tintic

Mountains, 7 km west of Tintic Junction,
Juab County, Utah, TIOS R4W S35. Several
well-developed algal crusts were 1'
ted on a

a

content, dilution counts, enrichment counts,

hill
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crest,

1950-m elevation,

in

liperus

.
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osteosperma-Artemisia tridentata vascular
plant commiuiity.

examined and
ences

(Soil

The

soil at

the locality

was

classified using standard refer-

Conservation Service 1972, Soil

Survey Staff 1951, 1975). The

soil

was

classi-

fied as Aridic Calcixeroll, fine clayey, mixed,

The surface horizon was

dark
greyish brown, sandy clay loam. Other soil
characteristics are listed in Table 1
Samples were collected nine times over a
period of one year beginning September
1982 (Table 2). Five samples were collected
each time, except 31 October 1982, when 10
samples were collected and processed. One
sample collected 15 June 1983 was lost; thus
only 4 samples were available for that
mesic.

a

collection.

All samples

were collected from an area
m^ in size. Exact sample

approximately 10

were subjectively chosen in crusted
between shrubs. For each collection pethe upper 2 cm of five adjacent algal
hiunmocks were collected and returned

localities

areas
riod,

crust

to the laboratory for

immediate

analysis.

Samples were homogenized with a metal spatula. Six 1-gm subsamples were taken from
each of the samples. One subsample was reserved for direct microscopic analysis. The
other five were oven dried at (105 C) and
weighed again to calculate percent soil moisture (Table

2).

The subsample reserved for microscopic
analysis was wetted immediately prior to examination. The soil was placed in a volumetric cylinder, and distilled water was
added to a total volume of 10 ml. The sample
was then agitated vigorously by hand for 60
seconds. A 1-ml subsample was pipetted from
the solution and placed in a dilution tube

containing 4 ml of distilled water. This final

was used for direct examination unKA microscope with dark field
and fluorescence optics. A counting chamber
with a depth of 0.18 mm and field length of
10 mm was constructed as suggested by
Tchan (1952) and used in all counts. Fluorescing (living) algal cells and colonies were
counted under 400X magnification. All algae
dilution

der a Zeiss

in 10 transects across the chamber were
counted for each sample. Algae were identi-

fied to species

division

when

when

possible, or to

necessary.

Some

genus or

algae were

not

and were classified as unalgae or unidentifiable algae.
Moist plate cultures using Bold's Basal Medium (Bold and Wynne 1978) were started at
identifiable

known coccoid

the initiation of the study to aid in species
identification.

Temperature and moisture data were
taken from weather records for Eureka, Utah,
the nearest weather station (National Ocean-

and Atmospheric Administration 1982,
The average daily temperature and
precipitation for the two weeks previous to
each collection date were calculated (Table
ic

1983).

2).

An importance

index for

all

living algal

was calculated by multiplying density by
percent presence (Ross and Rushforth 1980).
This method is often used in studies of terrestrial vascular vegetation (Warner and Harper
1972) and has the value of considering both
taxa

absolute density data as well as frequency of
occurrence. Species with importance values
greater than 1.0 were designated prevalent
species and were used in subsequent analyses
of variance.

Multivariate analysis of variance adapted

unbalanced design followal. (1980) was
used to analyze differences between treatments (months) and blocks (species). The
variance of each taxon was related to the
mean. To satisfy the homogeneity of variance
for a fixed-effect,

ing the methods of Bryce et

Table

1.

Soil properties for the Aridic Calcixeroll at

the Tintic Mountain
rizon,

0-28

Property

cm

site. Soil for tests

depth, 3 October 1982.

taken from

AI

ho-
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assumption of analysis of variance, a log
(x+1) transformation was used (Bartlett
1947). In each analysis of variance, standard-

ized residuals

were plotted against normal

every case the probability plot thus
generated was subjectively judged to be normal or close to normal. The Duncan multiple

scores. In

range

was used to determine significance
between means when analysis

test

of differences

of variance

showed significance (Duncan

1955). Unless otherwise stated, the alpha valfor this test was 0.01.
Shannon-Wiener diversity indices were
calculated (Shannon and Weaver 1949, Pat-

ue used

ten 1962) for each subsample for each collection date. Similarity indices for all 49 sub-

samples collected on the nine collection dates
were determined following the methods of
Ruzicka (1958). Such indices were also calculated for the nine collection dates using arith-

metic averages of subsamples. Similarity indices were then clustered (Sneath and Sokal
1973) to determine the relationships between
collection periods. Correlation analysis
(Snedecor and Cochran 1980) was performed
to determine relationships between algal

abundance and

precipitation

and temper-

ature data.

Results and Discussion
Description of the Flora

A

total of

30

algal taxa

ing this study (Table

3).

was

identified dur-

Fifteen of these

were

blue-green algae, 9 were chrysophytes

(in-

cluding diatoms), 3 were green algae, and 3
were placed in the categories flagellates, un-

known coccoid

algae,

and unidentifiable

Table 2. Soil moisture for each collection date and
mean hij^h and low temperature and precipitation for
two-week period previous to collection date.
Date

Temperature
(degrees C)

24-IX-1982

Precipitation

(cm)

Soil

moisture

(g/kg)
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components of cmsts (Anderson
Brotherson et

al.

et al.

1982,

1983).

have studied, analysis of variance showed
that diversity was significantly different between months. Duncan's multiple range lest

showed

Diversity and Similarity

Shannon-Wiener diversity indices varied
between 2.285 and 3.399 for the individual
subsamples. Average Shannon-Wiener diversity for each collecting period ranged between 2.690 and 3.229. These figures are similar to or higher than other Shannon-Wiener
values for soil algal studies we have made in
other regions of the Great Basin (Johansen
and St. Clair in review, Johansen et al. 1982,
1984). The rather low range of diversity for
these samples was borne out by species rich-

that the diversity in collections from
cooler months (especially January and June)
was significantly higher than diversity in

warmer months

(especially

August

and

September).
Stand similarity on the basis of species density data was high, averaging 68% for the
winter stands and 50% for the remaining
stands.

When

these data

were

clustered, onlv

of taxa observed

winter stands (31 October, 29 November, 14
January, and 15 May) formed a discrete
group. Stand similarity on the basis of species
presence or absence was even higher, with an
average similarity of 74%. When these data

per collecting period varied between 14 and

were clustered, the same winter months

ness figiu-es. Total

19.

Even though

number

was

variability in diversity

rather low in comparison to other systems

Table

3.

Taxa present

Taxa

is

formed a group, except that the samples from
early October and July were included.

Mountain site together with importance values (PFl) and density
1000 organisms/g dry weight soil.

at the Tintic

lection date. Unit value for density

we

for

each col-

Climatic Factors

Our
tation

was that precipigrowth would be

original hypothesis

and

total soil algal

Howanalyses, we

positively correlated during all seasons.

when we

ever,

ran correlation

discovered that precipitation and algal
growth were almost always negatively correlated,

When

although values were not significant.
we discovered this, we divided total

algae into several categories for separate
analyses. These categories included Cyanophyta, Chlorophyta, Chrysophyta, and other algae. The negative correlation we noted for

growth held for all of these categories whether the period of precipitation
total algal

prior to collection date used in the analysis

was

Vol. 45, No. 1
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for 3, 7, 14, 21, or

28 days.

In view of these negative correlations,

computed

the

net increase

or decrease

we
in

each algal group for each collection interval. We then correlated these
data with climatic data. The results of this
correlation of incremental algal growth with
precipitation were low, but positive for all
algal groups (Table 4).
As a whole, our data indicate that algal
growth was not related in a linear manner to
precipitation. It seems probable that when a
minimum amoimt of moisture is present in

abimdance

Table

mean

4.

for

(PRECIP), mean

for the 3-

tions are asterisked (a<.()5°,

Algal

density. Stokes (1940)

found that

soil

algae in

grew best at 40%-60% soil moisture and that growth was strongly curtailed
in saturated soil. On the other hand, low

New

Jersey

moisture

is

often a limiting factor for algal

(Lynn and Cameron
Brock (1975) found that
the depletion of soil moisture to -7 bars began to deter the growth of Microcoletis in

growth

in desert regions

1973). For instance.

desert crusts.

Incremental growth of algal groups was
with air temperature. All correlations were negative, and the largest
coefficients were obtained when median temperature rather than maximum temperature
data were used (Table 4). Generally, the best
correlations occurred when temperature data
for the three-day period prior to collection
were used rather than data for longer periods. This indicates rapid negative algal response to high air temperatures.
Abundance of blue-green algae was more
negatively correlated with temperature than
all other groups. This was surprising since
many species of blue-green algae are known
thermophiles and have been demonstrated to
tolerate high temperatures in the laboratory
also correlated

Correlation coefficients for incremental algal growth versus climatic factors. Climatic factors include

daily precipitation

Means were coiuputed

group

the soil, algal growth will not be limited and
moisture beyond this threshhold does not enhance growth and may in fact reduce algal

,

7-

,

14-

a<.01°°).

,

maximum temperature (MAX-T), and mean midtemperature (MID-T).
21-

,

and 28-day periods prior

to the collection dates. Significant correla-

January 1985
2200
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deviation from the typical pattern was

1

dem-

onstrated by chrysophytes (Fig. 4), which did
not show the August recovery. Furthermore,
the yearly minimum in Chrysophyta followed
a hundred-year storm in late September (Jo-

hansen in press). Correlation analyses also
demonstrated differences between chrysophytes and the other algal groups (Table 4).
It was the only group without any significant
negative correlations with temperature,

which may indicate

that these algae are not

as adversely affected

by high temperatures.

As a
gree of

final note,

we

hummocking

observed that the deor pinnacling of algal

crusts at the study site varied throughout the

Throughout the fall of 1982 crusts were
abundant and well developed. After snowmelt in May 1983 we noted that crusts appeared even more abundant and well developed. At this time, algal hummocks were
evident even in jeep roads adjacent to the
site. By July crusting in roadways had been
destroyed, though cmsts elsewhere were still
abundant. In late August the crusts at our
study site were severely damaged and eroded
by powerful rain storms, although algal numbers in the soils remained relatively high.
These observations may indicate that the durability and longevity of algal crusts is much
less than we had previously thought.
year.

Fig. 5. Precipitation

the Tintic Mountain

and daily teiiiperatnre range for
Vertical lines represent sample

site.

times.

(Booth 1946, Castenholz 1969). Chrysophytes

demonstrated the smallest correlation values,
indicating that they

were

least affected

by

high air temperature.

To

growth throughout the
density and standard
each algal group were plotted

visualize algal

collection period,

deviation for
against

time

growth of

all

mean

(Figs.

1-4).

In

groups peaked

general,
in late fall

algal

and

again in June. All groups showed a marked
decrease in cell density in July and recovery
in August. Tlie Jvily decrease was apparently

temperatures combined with low
5). Even though a storm
occurred immediately prior to the July col-

due

to high

precipitation (Fig.

lecting date,

have time

to

apparently the flora did not
respond to the increased mois-

Lynn and Cameron (1973), when studyalgae of the Curlew Valley, found
that algal growth was minimal between midJuly and mid-September. The July and September collections in our study were likewise
low in algal density. The recovery in August
is perhaps unusual and likely due to the ma-
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